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SUMMARY - Ever since the beginning of COVID-19 pandemic, uncertainty regarding clin-
ical presentation and differences among various subpopulations exist. With more than 209,870,000
confirmed cases and more than 4,400,000 deaths worldwide, we are facing the new era of health crisis
which will undoubtedly impair global health, economic and social circumstances. In the past year,
numerous genetic mutations which code SARS-CoV-2 proteins led to the occurrence of new viral
strains, with higher transmission rates. Apart from the implementation of vaccination, the effect of
SARS-CoV-2 on pregnancy outcome and maternal fetal transmission remains an important concern.
Although neonates diagnosed with COVID-19 were mostly asymptomatic or presented with mild
disease, the effect on early pregnancy is yet to be evident. While positive finding of SARS-CoV-2
RNA in some samples such as amniotic fluid, placental tissue, cord blood and breast milk exists, addi-
tional research should confirm its association with transplacental transmission.
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Introduction

Since the emergence of a novel severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) among
humans in December 2019, evidence supporting the
thesis of maternal-fetal virus transmission and its effects
on perinatal outcomes is limited and probably rare. In
the 2002-2003 period and in 2015, outbreaks of severe
acute respiratory syndrome coronavirus (SARS-CoV')
and Middle East respiratory syndrome (MERS-CoV')
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emerged. Rapidly-spreading infection caused severe
respiratory disease with high mortality rates among
human population. With more than 209,870,000 con-
firmed cases and more than 4,400,000 deaths world-
wide, we are facing the new era of health crisis which
will undoubtedly impair global health, economic and
social circumstances'. In the past year, numerous ge-
netic mutations which code SARS-CoV-2 proteins
led to the occurrence of new viral strains with high-
er transmission rates. The SARS-CoV-2 Interagen-
cy Group and Centers for Disease Control and pre-
vention categorize variants of SARS-CoV-2: Alpha
(B.1.1.7), Beta (B.1.351, B.1.351.2, B.1.351.3), Delta
(B.1.617.2,AY.1,AY.2, AY.3),and Gamma (P.1,P.1.1,
P.1.2) as Variants of Concern. These variants are com-
monly known as British, South African, Indian and
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Brazilian variants, respectively. Some of the character-
istics of these new variants are a higher transmissibility
rate, more severe disease, lower rates of neutralization
by antibodies caused by prior infection or vaccination,
lower detection rates and treatment efficacy’.

It is believed that pregnant women were particu-
larly susceptible to SARS-CoV infection’. Studies on
pregnancies and concomitant SARS-CoV or MERS-
CoV infections described pregnancy loss, intrauterine
fetal growth restriction, or preterm birth*’. In these
two former outbreaks, vertical transmission was not
confirmed. In 2020, a novel beta-coronavirus, SARS-
CoV-2, occurred among humans. Considering some
genomic and structural similarities with SARS-CoV,
it is to be assumed that SARS-COV-2 could reflect
adverse effects on the fetus in early, as well as in late
weeks of pregnancy®. Thus far, a small number of neo-
nates were diagnosed with COVID-19, among whom
disease was mostly asymptomatic or presented with
mild symptoms. It is not clear whether infection in
these cases was related to vertical transmission’. Un-
certainty regarding clinical presentation, as well as pre-
diction of differences among various subpopulations
has prompted the release of this review, with the aim
of summarizing the existing data on epidemiological
and clinical characteristics of COVID-19 in pregnan-
cy, possible vertical transmission, as well as maternal
and perinatal outcome.

Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2)

Opposed to all the characteristics and structure
of living cells, SARS-CoV-2 is an enveloped virus,
containing non-segmented, single-stranded RNA®.
Crown-like spikes on the outer surface enable viral
binding to the host cell receptor and cell membrane
fusion®. For all other functions, virus utilizes the ca-
pacity of the living host. Combining these biological
benefits, virus reduces unnecessary energy spending
in the environment and directs it towards replication.
The host completes the task of information encoded
by the virus genome, unaware of its role in the virus
lytic cycle. The primary targets of the virus are respi-
ratory epithelial cells. Each infected cell directs all of
its resources towards viral RNA replication, eventual-
ly resulting in thousands of viral copies. Research has
shown that the structure of the receptor-binding gene
region required for successful binding of virus to angio-
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tensin-converting enzyme 2 (ACE2) and subsequent
cell entry has some resemblances between SARS and
SARS-CoV-2¢. ACE2 has been found to have a piv-
otal role in entering the cell, since the mechanism of
SARS-CoV-2 entering the cell failed using receptors
such as aminopeptidase N and dipeptidyl peptidase 4
in experimental studies®.

Another focus of the researchers’ interest is neu-
ropilin-1 receptor protein (NRP1). In addition to
finding that NRP1 facilitates the interaction between
spike protein and ACE2, detection of this recep-
tor on the outer surface of human cells which lacked
ACE2 supports the thesis of NRP1 as an individual
factor that allows viral entry’. Bats are considered to
be animal reservoirs of the virus. Once human sub-
jects are infected, further transmission of the virus is
accomplished wvia direct contact with another person.
Respiratory droplets or transfer from contaminated
surfaces to mucous membranes are the routes of trans-
mission. Some studies indicate aerosol as a possible
transmission route, whereas virus was detected in the
blood, stool, ocular secretions, and semen. The term
basic reproduction number (RO) is an epidemiologic
parameter used to calculate the expected number of
infected individuals from a single case in a suscepti-
ble host population. Series of studies analyzing the
basic reproduction number RO for SARS-CoV-2 in
Wauhan, China, reported RO to be 1.4-3.9, 2.24-3.58,
2.47-2.86'"2. For comparison, RO for SARS-CoV-2
in Italy, which was the European center of COVID-19
outbreak, ranged between 2.43 and 3.10".

Classification System for COVID-19 in General
Population, Pregnant Women, Fetuses and Neonates

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a new beta coronavirus that causes
coronavirus disease 2019 (COVID-19). On March 17,
2020, the L. Spallanzani National Institute for Infec-
tious Diseases in Rome, Italy, published recommenda-
tions for clinical management of COVID-19 based on
case severity for general population. The classification
delineates four groups of disease by incorporating the
following Modified Early Warning Score (MEWS)
clinical deterioration score: asymptomatic or mild in-
fection; stable patient presenting with respiratory and/
or systemic symptoms (e.g., MEWS clinical deteri-
oration score <3); clinically unstable patient affected
by respiratory symptoms but not in critical condition
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(e.g., MEWS clinical deterioration score 3-4); and
critical patient (e.g., MEWS clinical deterioration
score >4)14,

In April 2020, an article appeared that elaborat-
ed classification system for COVID-19 in pregnant
women, fetuses and neonates. Categories of likelihood
of infection were developed based on several variables
including clinical presentation, results of polymerase
chain reaction (PCR) testing, serology, and the pos-
sibility of other sources of infection'. According to
the authors, maternal infection during pregnancy
is classified into groups of symptomatic women and
those who are asymptomatic but have positive contact
history. The group of symptomatic women is subdi-
vided into categories of confirmed, possible, unlikely,
and not infected patients, whereas the other group is
subclassified into confirmed, unlikely, and not infect-
ed patients. These categories are based on the above-
mentioned variables for likelihood of infection. The
authors discourage the use of terms vertical and hor-
izontal transmission and prefer using terminology of
congenital infection in intrauterine death/stillbirth
(confirmed, possible, unlikely, not infected), congenital
infection in live born with or without clinical features
in newborn and mother with SARS-CoV-2 infection
(confirmed, probable, possible, unlikely, not infected),
neonatal infection acquired intrapartum with clinical
features in newborn and mother with SARS-CoV-2
(confirmed, probable, possible, unlikely, not infected)
or without clinical features (confirmed, possible, not
infected), or neonatal infection acquired postnatally
(confirmed, probable, not infected), rather than ‘ver-
tical’ or ‘horizontal transmission™, in order to specify
the exact time of infection.

Characteristics of Respiratory and Immune System
in Pregnancy

The widely accepted explanation of pregnancy as
a state of maternal immune suppression has been re-
cently renewed and it is believed that the immune sys-
tem alters during gestation. As pregnancy progresses,
immune adaptations of maternal status are observed.
Early stages of pregnancy are considered to be proin-
flammatory to enhance the healing of uterine epithe-
lium after the implantation process. In the mid-part
of pregnancy, the immune environment tends to be
anti-inflammatory and constitutes protective mecha-
nism to allow fetal development. Approaching the la-
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bor, the immune systems tends to be proinflammatory
again, and acts by increasing the Th1 proinflammatory
cytokines'®. These conditions, as well as hypervolemia
and hypoalbuminemia, may contribute to the complex
pathogenesis of acute respiratory distress syndrome
(ARDS)". Diffuse alveolar damage leads to progres-
sive respiratory failure®.

Tumor necrosis factor-alpha (TNF-a) has an
important role in the pathophysiology of hypercyto-
kinemia found in secondary hemophagocytic lym-
phohistiocytosis, triggered by viral infection. The im-
munomodulatory effect of pregnancy with inhibition
of TNF-a by human chorionic gonadotropin and
progesterone may have beneficial effect on the low
mortality and predominant mild form of COVID-19
among infected pregnant women’. However, addi-
tional explanation for lesser disease severity and low
mortality rate could be younger age of this population
group and lower incidence of comorbid disorders.

In treatment approach to pregnant women with
COVID-19, physiological adaptations of respirato-
ry system during pregnancy need to be considered,
to avoid rapid cardiopulmonary decompensation. In
healthy pregnant women, minute ventilation increases
in order to compensate increased oxygen consumption
and basal metabolic demands. This is accomplished by
an increase in tidal volume and decreased functional
residual capacity. Eventually, acidosis during pregnan-
cy is more difficult to compensate. Development of
pulmonary edema as a complication of preeclampsia,
eclampsia, cardiomyopathy, or use of beta-adrenergic
tocolytic agents, magnesium sulfate, corticosteroids
may further complicate the course of disease’.

Clinical presentation

The mean incubation period is 5 days, ranging from
2 to 14 days®. In general, initial clinical presentation
begins with fever, cough, nasal congestion, dyspnea,
or pneumonia. Less frequently, patients may present
with headache, sputum production, diarrhea, vomiting,
malaise and myalgia, decreased smell, taste loss, chest
pain®*2!, Pneumonia is a feature of moderate and se-
vere forms of disease and typically occurs within 14
days after the onset of symptoms®. Severe forms of
pneumonia may progress to ARDS as it is the case
in 17%-29% of hospitalized patients’, whereas reli-
able data on pregnant women are lacking. Similar to
children, a proportion of adults may develop rare com-
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plication after COVID-19 infection, termed as mul-
tisystem inflammatory syndrome in adults (MIS-A).
'The diagnosis of MIS-A is made on clinical criteria
and laboratory evidence including occurrence of severe
cardiac illness or rash accompanied with non-purulent
conjunctivitis, neurological impairment, shock, hypo-
tension, gastrointestinal symptoms and thrombocyto-
penia, and laboratory confirmation of inflammation
and recent SARS-CoV-2 infection®.

'The majority of pregnant patients with COVID-19
present with fever, cough, leukopenia and raised C-re-
active protein (CRP). Studies which compared the
clinical manifestation of COVID-19 among pregnant
and non-pregnant women showed the incidence of fe-
ver, chills, myalgia and headache to be lower among
pregnant women. Even though fever is considered a
common symptom, many patients are afebrile, with
the presence of fever being documented after deliv-

24

ery
In a systematic review that evaluated 114 preg-

nant women, the most frequently reported symptoms
were fever and cough, followed by tiredness, diarrhea,
dyspnea, sore throat, and muscle pain. Based on the
Chinese Novel Coronavirus Pneumonia Diagno-
sis and Treatment Protocols, 110 patients exhibited
mild or regular forms of COVID-19, whereas severe
form of disease was present in 6 patients®. In a series
of 43 pregnant women with COVID-19 during the
spreading of virus in New York, the most frequently
reported symptoms were dry cough, fever and myal-
gia’. According to recent studies, time between deliv-
ery and onset of symptoms ranged between 1 and 7
days, whereas some women presented with symptoms
after delivery*.

In November, 2020, US Department of Health
and Human Services, Centers for Disease Control
and Prevention released a report on the characteris-
tics of symptomatic women of reproductive age with
laboratory-confirmed infection with SARS-CoV-2e
according to the pregnancy status. Analysis of data on
409,462 symptomatic women (23,434 pregnant and
386,028 nonpregnant women) showed that pregnant
women had a higher rate of admission to an intensive
care unit (ICU; 10.5 vs. 3.9 per 1000 cases), required
invasive ventilation (2.9 ws. 1.1 per 1000 cases) and
extracorporeal membrane oxygenation (ECMO) (0.7
vs. 0.3 per 1000). The mortality rate was higher in the
group of pregnant women (1.5 ws. 1.2 per 1000 cases)?.
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There is ongoing debate on whether pregnancy as
a state of hypercoagulation may be further complicat-
ed by the development of thrombosis and pulmonary
emboli as a consequence of COVID-19, especially
in patients with inherent hypercoagulability*2"3°. So
far, there is no convincing evidence for the increased
incidence of thromboembolic incidents and subse-
quent mortality rate among pregnant patients with
COVID-19. Hence, strong evidence to support pro-
phylactic anticoagulation in pregnant patients with
COVID-19 is lacking®*2.

According to data of a large systematic review and
meta-analysis which included 77 studies, risk factors
linked with severe COVID-19 were advanced ma-
ternal age, obesity, chronic hypertension and pre-ex-
isting diabetes®, which also independently influence
outcomes of uncomplicated pregnancies’**’. Among
the studied population, 4% of participants required
admission to ICU, 3% required invasive ventilation,
and 0.4% were treated by ECMO. 'The fatality rate
was 0.1%%.

The higher mortality rate of pregnant patients with
COVID-19 in some Latin American countries should
be critically analyzed as a consequence of health care
services, epidemiological measures, and higher inci-
dence of cesarean section rather than the disease it-

self.

Laboratory evaluation in pregnancy complicated
with COVID-19

In cases of confirmed COVID-19, laboratory
evaluation in the majority of pregnant women reveal
lymphopenia, low platelets, and elevated transami-
nases, elevated CRP and D-dimer®. Data extracted
from 50 pregnant patients with COVID-19 exhibited
mean leukocyte levels of 9.51x10° cells/L and CRP of
16.83 mg/L, suggesting no major divergence (normal
pregnancy range: white blood cell (WBC) 5.7-13.6,
5.6-14.8, 5.6-16.9 for the first, second and third tri-
mester, respectively, CRP 0.4-20.3, 0.4-8.1 for sec-
ond and third trimester)***. However, in a systematic
review and meta-analysis which included 24 studies
and a total number of 1100 Chinese, European and
North American pregnant women with COVID-19,
the most common laboratory abnormalities identi-
fied were elevated levels of CRP and lymphocytope-
nia, without specifying mean values®. Allotey ez al.
report that the most common laboratory findings in
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pregnant or recently pregnant women with suspect-
ed or confirmed COVID-19 were raised CRP levels,
lymphopenia, raised WBC count (49%, 35% and 27%,
respectively), followed by elevated procalcitonin lev-
els, liver function tests and thrombocytopenia (21%,
11% and 8%, respectively)®. In an attempt to address
laboratory factors associated with disease severity or
mortality, a team led by Argentina researchers showed
the risk of disease severity to be increased in the pres-
ence of elevated cardiac troponin levels, WBC levels
and high CRP levels, with high certainty of evidence.
A factor associated with mortality, supported by high
certainty of evidence, was low platelet count. Evidence
for moderate certainty for disease severity exists for
high levels of D-dimer, lactate dehydrogenase (LDH),
aspartate transaminase (AST), creatinine, neutrophil
count, brain natriuretic peptide, blood urea nitrogen,
creatine phosphokinase, total bilirubin, interleukin-6
(IL-6), and decrease in lymphocyte count and albu-
min. Moderate levels of evidence exist for increase in
the levels of troponins, WBC, lactate, D-dimer, LDH,
CRP, AST, creatinine, decrease in lymphocyte count,
albumin and mortality from COVID-19*.

Pregnancy outcome

Most cases of COVID-19 were reported in the
second and third trimester of pregnancy. Retrospective
cohort studies comparing the outcome of early preg-
nancies between asymptomatic COVID-19 patients
and healthy controls have shown that the total num-
bers of any type of miscarriages did not differ between
study groups®.

Seeking to address the impact of maternal infection
with SARS-CoV-2 in first trimester on fetal develop-
ment, Freiesleben ez a/. analyzed the nuchal transpar-
ency thickness at first trimester scan in pregnant wom-
en with positive results of serology testing for SARS-
CoV-2 antibodies. Furthermore, the authors evaluat-
ed the risk of early pregnancy loss among women with
previous infection with SARS-CoV-2. No significant
difference in nuchal translucency thickness was found
in fetuses of pregnant women previously infected with
SARS-CoV-2.Infection with SARS-CoV-2 was not a
risk factor for early pregnancy loss*. Infection in third
trimester may result in preterm birth, low birth weight,
fetal distress, neonatal asphyxia, stillbirth, and neonatal
death®. Recently, Lima ef al. report a case of a fetus
prenatally diagnosed with significant pericardial eftu-
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sion. Maternal serologic testing for SARS-CoV-2 was
performed and showed positive IgM and IgG. Follow-
ing emergent cesarean section at 33 weeks of gestation,
the newborn was diagnosed with pericarditis caused
by maternal-fetal transmission. In the absence of re-
sults positive for other common conatal infection, the
newborn’s nasal and oropharyngeal swabs were posi-
tive for SARS-CoV-2. Serologic test performed in the
newborn was positive for IgG antibodies®.

In a population of pregnant patients with
COVID-19, the rate of preterm birth varies from 17%
to 21.8% of cases™*. Since the rates of spontaneous
preterm birth do not differ from general population
significantly, these results may reflect a substantial pro-
portion of iatrogenic induction of labor. In a recently
published systematic review and meta-analysis which
included 17 studies, perinatal deaths occurred in less
than 1%*. Although Allotey e# al. report on 18 still-
births in a total number of 2837 offspring and 6 neo-
natal deaths in 1728 neonates of mothers positive for
SARS-CoV-2, no significant risk compared to moth-
ers without the disease was found®.

While Khalil e a/. report on the incidence of cesar-
ean section of 48.3%*, in the analysis which included
114 pregnant women with COVID-19, Yang ez a/. re-
port on the incidence of cesarean section as high as
91%. This high rate of cesarean section was attributed
to preeclampsia, fetal distress, previous cesarean sec-
tion, and fear of transmission to the child during vag-
inal delivery”. The reported adverse neonatal and fetal
outcomes were preterm birth (21.3%), fetal distress
(10.7%), low birth weight (<2500 g, 5.3%), stillbirth
(1.2%), neonatal death (1.2%) and neonatal asphyxia
(1.2%)*. Even though there is no recommendation for
cesarean section in women with COVID-19, recent
studies report that most clinicians favor this approach.

Diagnosis

'The standard testing method for SARS-CoV-2 in-
clude high-throughput sequencing or nucleic acid am-
plification tests (real-time reverse transcription-poly-
merase chain reaction, RT-PCR) for detection of ge-
netic components of viral RNA, obtained from blood,
amniotic fluid and other body fluid samples such as
bronchoalveolar lavage fluid (BALF), sputum, pharyn-
geal swabs, urine, or stool. The sensitivity of RT-PCR
is reported to be 30%-60%. Out of 4880 human sam-
ples being tested for COVID-19, BALF had a 100%
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positive rate for SARS-CoV-2, followed by sputum
and pharyngeal swabs with positive rates of 49.12%
and 38.25%, respectively*. The majority of current
studies evaluating viral RNA in amniotic fluid, placen-
tal tissue, cord blood and breast milk of COVID-19
positive patients proved no positive results*. Vivanti ez
al. report a case of confirmed SARS-CoV-2 infection
in a neonate presenting with neurological symptoms.
The neonate was delivered via cesarean section. Am-
niotic fluid obtained prior to rupture of membranes, as
well as placental tissue, blood, BALF, nasopharyngeal
and rectal swabs were all positive for E and S genes of
SARS-CoV-2%.

In addition to high-throughput sequencing and
RT-PCR, pathologic examination and detection of
organ specific damage can further support the diag-
nosis. Pathologic examination of placenta showed
perivillous fibrin deposition, infarction, and acute and
chronic intervillousitis*.

'The role of serology in detecting infected newborns
whose mothers acquired infection at some time near
delivery may not be helpful since the time for devel-
oping antibodies may be absent"
quired for the antibodies to develop, the role of this
method in early diagnosis of newborn infection is de-
batable.

The IgM antibodies do not cross the placental
barrier. Thus, positive results of IgM antibodies in
newborns suggest that patients developed their own
antibodies®*. Appearing later, IgG antibodies cross
the placental barrier and may indicate both mater-
nal and newborn infection. Existing evidence indi-
cate that type IgM and IgG can be detected in blood
two to three weeks after clinical onset of the disease
in patients infected with SARS-CoV-2. In case of a
newborn delivered wvia cesarean section by a mother
diagnosed with COVID-19, antibody testing was per-
formed at two hours of age. Elevated levels of SARS-
CoV-2 IgG and IgM were detected. The levels of IL-
6, IL-10 and WBC count were increased. Nasopha-
ryngeal swabs tested with RT-PCR were repeatedly
negative for SARS-CoV-2. These findings may imply
vertical transmission®.

In the editorial that critically evaluates positive
findings of IgM in neonates whose mothers were in-
fected with SARS-CoV-2 during pregnancy, Kimber-
lin and Stagno emphasize rapid decline of IgM levels
in comparison to congenital Zika infection and rubella

. Due to the time re-
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syndrome, suggesting the possibility of these results as
artifacts. In cases of other congenital infections, find-
ings of IgM can be explained with cross-reactivity
and different specificity rates among various types of
common viruses, as well as the finding of rheumatoid
factor or partial removal of IgG as it is the case in con-
genital rubella syndrome®. Furthermore, a finding of
antibodies that typically do not cross the placental bar-
rier may suggest a potential placental damage.

Maternal-fetal transmission

Placenta as a prime component of the maternal-fe-
tal interface provides a barrier for various infectious
agents. Cells of syncytiotrophoblast, exposed to cer-
tain amount of maternal blood containing pathogens,
exhibit resistance that increases as placenta difter-
entiates®’. While susceptibility patterns and rates of
transmission for other viruses have been documented,
transmission mechanism of SARS-CoV-2 remains
unclear. It is believed that transmembrane ACE2 re-
ceptor has a role in placental angiogenesis, trophoblast
proliferation, and invasion by stimulating vasodilata-
tion by releasing angiotensin 1-7°. Analysis of sin-
gle-cell RNA sequencing (scRNA-seq) data found the
presence of ACE2 receptors in stromal, perivascular
cells of decidua, as well as cytotrophoblast and syn-
cytiotrophoblast of placenta®. The presence of these
receptors in placenta, which serves as a barrier for var-
ious infectious agents, increases as pregnancy advances
with peak expression at term®. Furthermore, investi-
gating ACE2 receptors in tissue of fetal organs, their
expression was confirmed in the heart cardiomyocytes,
smooth muscle cells and pericytes, as well as in liver
fibroblast, hepatocytes, airway epithelial cells, and ar-
terial endothelial cells®2.

According to Facchetti ez a/., the presence of SARS-
CoV-2 in placenta was demonstrated by detecting vi-
ral nucleic acid in cells of syncytiotrophoblast, using
the RNA iz situ hybridization method. Immunohisto-
chemistry methods identified infiltrates of monocyte
macrophages, mature and immature neutrophils, as
well as platelet depositions in the intervillous space®.

Findings of ACE receptors, SARS-CoV-2 anti-
gens and RNA in placental tissue support the possi-
bility of transplacental transmission of SARS-CoV-2.

The term vertical transmission refers to mater-
nal-fetal transmission of infection acquired in ufero
(transplacental or ascending infections) during deliv-
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ery or postpartum®. Positive finding of SARS-CoV-2
in newborns after delivery can be the result of breast-
feeding or spreading of viral particles from persons in
close contact. Environmental transmission in these
cases should be distinguished from vertical transmis-
sion.

Most maternal and neonatal biological samples
used to identify vertical transmission are nasopharyn-
geal swabs, plasma, vaginal secretions and stool spec-
imens, amniotic fluid, breastmilk samples, placental
tissue, cord blood, neonatal blood, gastric fluid, oro-
pharyngeal, nasopharyngeal and anal swab.

Some studies have reported on infants with pos-
itive results of testing for SARS-CoV-2 which was
performed in the first few days of life. However, strong
evidence that further support either vertical or hori-
zontal transmission in these cases is lacking. The first
of studies analyzing characteristics and outcomes
of pregnant women with COVID-19 was the one
published by Chen ez a/. In this case series, all bio-
logic specimens obtained from infants and tested for
SARS-CoV-2 by use of quantitative RT-PCR (qRT-
PCR) were negative'®. Publications that followed re-
port no or a sporadic number of infected infants born
to mothers with COVID-19 during pregnancies'’**%.

A recently published meta-analysis of 176 neo-
nates infected with SARS-CoV-2 showed that 70% of
infection resulted from environmental spread and 30%
were likely to be vertically transmitted. In the study
population, information needed for classification of
the infection was available for 122 neonates. Based on
the aforementioned classification proposed by Shah
et al.”, the following results were obtained: probable
postpartum acquired 63.9%, confirmed congenital
5.7%, probable congenital 4.9%, possible congenital
1.6%, confirmed intrapartum acquired 3.3%, proba-
ble intrapartum acquired 3.3%, possible intrapartum
acquired 10.7%, and confirmed postpartum acquired
infections 6.6%. The authors report confirmed vertical
infections in 9% of cases™.

Cesarean section is considered to be a reasonable
option of delivery in an attempt to minimize the risk
of newborn infection, as well as the possible perinatal
and maternal complications.

However, this mode of delivery is indicated for
limited cases of infection to prevent vertical transmis-
sion. Although a significant number of cesarean de-
liveries are reported in women with COVID-19, cur-
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rent guidelines do not advocate it as a strict indication.
According to guidelines, cesarean delivery in women
with COVID-19 should be performed for obstetric
indications with emphasis on individualized approach.

If expectant has complications of
COVID-19 in the form of respiratory insufficiency or
organ system failure in the context of multiorgan fail-
ure, cesarean section is even more justified in order to
protect both the mother and the child. Expression of
ACE2 protein in gastrointestinal epithelia may pro-
duce symptoms of diarrhea, nausea, vomiting, and/
or abdominal discomfort even before the onset of

mother

respiratory symptoms in some patients infected with
SARS-CoV-2%. Detection of viral RNA in fecal sam-
ples may indicate a potential risk of fecal-oral trans-
mission which can last even after viral clearance from
the respiratory tract. For now, vaginal samples need to
be investigated. Since vaginal delivery poses a high-
risk procedure for stool contamination of the child,
this way of delivery may potentially pose a risk in
symptomatic patients. Knowing that 16% of pregnant
women with COVID-19 are asymptomatic, measures
of precaution should be followed®'.

Convincing evidence for SARS-CoV-2 transmis-
sion wia breast milk based on case-control or cohort
studies is missing. Although transmission of SARS-
CoV-2 through breast milk cannot be excluded, it
remains questionable whether sporadic findings of

SARS-CoV-2 RNA in breast milk may suggest ma-

61,62 since infection in these

ternal infant transmission
infants can be explained by small-particle aerosols or
droplets during breastfeeding®. Hence, current recom-
mendations for managing neonates with suspected or
confirmed COVID-19 support continuing breastfeed-
ing, as well as skin to skin contact, rooming in and
kangaroo care. Precautionary measures advised include

use of mask and hand hygiene before and after feed-
3 63,64

mng

Conclusion

In times of rapidly spreading COVID-19 pandem-
ic and subpopulation diversities in clinical presenta-
tion, special attention needs to be directed towards the
effect of SARS-CoV-2 infection on pregnancy and
neonatal outcome. Experience with previous corona-
virus infections taught us to anticipate some adverse
effects. Even though unfavorable outcomes of preg-
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nancies with concomitant COVID-19 have been re-
ported, a small number of neonates were diagnosed
with COVID-19, among whom disease was mostly
asymptomatic or presented with mild symptoms. In
the last few months, extensive research was published
about SARS-CoV-2 infection and potential maternal
fetal transmission. So far, evidence for vertical trans-
mission is rare. Nevertheless, we eagerly expect further
clinical and epidemiological studies which will uncov-
er transmission routes of SARS-CoV-2 virus among
pregnant women and their children.

References

1.

10.

688

who.int [Internet] Geneva: World Health Organization;
¢2020 [cited 2021 Jan 12]. Available from: http://covid19.

who.int/

cde.gov [Internet] Washington: Centers for Disease Control
and prevention; ¢2021 [cited 2021 Mar 21]. Available from:
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/
variant-surveillance/variant-info.html

Breslin N, Baptiste C, Gyamfi-Bannerman C, Miller R, Mar-
tinez R, Bernstein K| ez a/. Coronavirus disease 2019 infection
among asymptomatic and symptomatic pregnant women: two
weeks of confirmed presentations to an affiliated pair of New
York City hospitals. Am J Obstet Gynecol MFM [Internet].
2020 [cited 2020 June 4];100118. Available from: https://doi.
org/10.1016/j.ajogmf.2020.100118

Wong SF, Chow KM, Leung TN, Ng WE, Ng TK, Shek
CC, et al. Pregnancy and perinatal outcomes of women with
severe acute respiratory syndrome. Am ] Obstet Gynecol.
2004;191(1):292-7. DOI: 10.1016/j.2j0g.2003.11.019

Rasmussen SA, Smulian JC, Lednicky JA, Wen TS, Jamieson
DJ. Coronavirus Disease 2019 (COVID-19) and pregnancy:
what obstetricians need to know. Am J Obstet Gynecol [In-
ternet]. 2020 [cited 2020 June 9];222(5):415-26. Available
from: https://doi.org/10.1016/j.2j0g.2020.02.017

Zhou P, Yang X Lou, Wang XG, Hu B, Zhang L, Zhang W, ez
al. A pneumonia outbreak associated with a new coronavirus
of probable bat origin. Nature [Internet]. 2020 [cited 2020
June 12];579(7798):270-3. Available from: http://dx.doi.
0rg/10.1038/541586-020-2012-77

Cao Q, Chen YC, Chen CL, Chiu CH. SARS-CoV-2 in-
fection in children: transmission dynamics and clinical char-
acteristics. ] Formos Med Assoc [Internet]. 2020;119:670-3.
Available from: https://doi.org/10.1016/j.jfma.2020.02.009
Wang H, Li X, Li T, Zhang S, Wang L, Wu X, e# al. The ge-
netic sequence, origin, and diagnosis of SARS-CoV-2. Eur J
Clin Microbiol Infect Dis [Internet]. 2020 [cited 2020 June 5].
Available from: https://doi.org/10.1007/s10096-020-03899-4
Cantuti-Castelvetri L, Ojha R, Pedro LD, Djannatian M,
Franz J, Kuivanen S, e# al. Neuropilin-1 facilitates SARS-
CoV-2 cell entry and infectivity. Science. 2020;370:856-60.
DOI: 10.1126/science.abd2985

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, ¢ al. Early

transmission dynamics in Wuhan, China, of novel coronavi-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

rus-infected pneumonia. N Engl ] Med. 2020;382(13):1199-
207. DOI: 10.1056/NEJMo0a2001316

Zhao S, Lin Q, Ran J, Musa SS, Yang G, Wang W, ez a/. Pre-
liminary estimation of the basic reproduction number of nov-
el coronavirus (2019-nCoV) in China, from 2019 to 2020: a
data-driven analysis in the early phase of the outbreak. Int J
Infect Dis [Internet]. 2020;92:214-7. Available from: https://
doi.org/10.1016/j.1jid.2020.01.050

‘Wu T, Leung K, Leung GM. Nowcasting and forecasting the
potential domestic and international spread of the 2019-nCoV
outbreak originating in Wuhan, China: a modelling study.
Lancet [Internet]. 2020 [cited 2020 Oct 10];395(10225):689-
97. Available from: http://dx.doi.org/10.1016/50140-
6736(20)30260-9

D’Arienzo M, Coniglio A. Assessment of the SARS-CoV-2
basic reproduction number, RO, based on the early phase
of COVID-19 outbreak in Italy. Biosaf Heal [Internet].
2020 [cited 2020 June 7];3-5. Available from: https://doi.
org/10.1016/j.bsheal.2020.03.004

Nicastri E, Petrosillo N, Ascoli Bartoli T, Lepore L, Mondi A,
Palmieri F, e a/. National Institute for the Infectious Diseases
“L. Spallanzani”, IRCCS. Recommendations for COVID-19
clinical management. Infect Dis Rep. 2020;12:8543. DOI:
10.4081/idr.2020.8543. eCollection 2020 Feb 25.

Shah PS, Diambomba Y, Acharya G, Morris SK, Bitnun A.
Classification system and case definition for SARS-CoV-2
infection in pregnant women, fetuses, and neonates. Acta
Obstet Gynecol Scand. 2020;99(5):565-8. DOI: 10.1111/
a0gs.13870

Mor G, Aldo P, Alvero AB. The unique immunological and
microbial aspects of pregnancy. Nat Rev Immunol [Inter-
net]. 2017 [cited 2020 Aug 8];17(8):469-82. Available from:
http://dx.doi.org/10.1038/nri.2017.64

Mehta H, Ivanovic S, Cronin A, VanBrunt L, Mistry N, Mill-
er R, ez al. Novel coronavirus-related acute respiratory distress
syndrome in a patient with twin pregnancy: a case report.
Case Reports Women's Health [Internet]. 2020 [cited 2020
Aug 8];27:¢00220. Available from: https://doi.org/10.1016/j.
crwh.2020.¢002

Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, ¢# 4/. Clin-
ical characteristics and intrauterine vertical transmission po-
tential of COVID-19 infection in nine pregnant women: a
retrospective review of medical records. Lancet [Internet].
2020 [cited 2020 Jul 17];395(10226):809-15. Available from:
http://dx.doi.org/lo.l016/80140-6736(20)30360-3

Moein ST, Hashemian SMR, Mansourafshar B, Khor-
ram-Tousi A, Tabarsi P, Doty RL. Smell dysfunction: a
biomarker for COVID-19. Int Forum Allergy Rhinol.
2020;10:944-50. DOI: 10.1002/alr.22587. Epub 2020 Jun 18.
Dennis AT, Solnordal CB. Acute pulmonary oedema in preg-
nant women. Anaesthesia. 2012;67:646-59. DOI: 10.1111/
j.1365-2044.2012.07055.x21

Herrey AS, Osman A, Soma-Pillay P, Sliwa K, Ntusi NAB.
COVID-19 and the cardiovascular system in pregnancy. SA
Hear J. 2020;17:288-95. DOI: https://doi.org/10.24170/17-
3-4375

Arabi S, Vaseghi G,Heidari Z, Shariati L, Amin B,Rashid H, ez
al. Clinical characteristics of COVID-19 infection in pregnant
women: a systematic review and meta-analysis. Block Caving

Acta Clin Croat, Vol. 61, No. 4, 2022



A. M. Potkonjak e al.

Perinatal aspects of SARS-CoV-2 infection during pregnancy

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

— A Viable Altern [Internet]. 2020;21:1-9. Available from:
https://doi.org/10.1016/j.s0lener.2019.02.027%0Ahttps://
www.golder.com/insights/block-caving-a-viable-alterna-
tive/%0A>??

Morris SB, Schwartz NG, Patel P, Abbo L, Beauchamps L,
Balan S, ez al. Case series of multisystem inflammatory syn-
drome in adults associated with SARS-CoV-2 infection —
United Kingdom and United States, March-August 2020.
MMWR Morb Mortal Wkly Rep. 2020;69:1450-6. DOI:
http://dx.doi.org/10.15585/mmwr.mm6940e1

Della Gatta AN, Rizzo R, Pilu G, Simonazzi G. COVID-19
during pregnancy: asystematic review of reported cases. Am J
Obstet Gynecol [Internet]. 2020 [cited 2020 Jul 17]; Avail-
able from: https://doi.org/10.1016/j.2j0g.2020.04.013

Yang Z, Wang M, Zhu Z, Liu Y. Coronavirus disease 2019
(COVID-19) and pregnancy: a systematic review. ] Ma-
tern Fetal Neonatal Med [Internet]. 2020 [cited 2020 Jul
171;0(0):1-4. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/32354293

Zambrano LD, Ellington S, Strid P, Galang RR, Oduyebo
T, Tong VT, et al. Update: characteristics of symptomat-
ic women of reproductive age with laboratory-confirmed
SARS-CoV-2 infection by pregnancy status — United States,
January 22-October 3, 2020. MMWR Morb Mortal Wkly
Rep. 2020;69:1641-7. Available from: https://www.cdc.gov/
mmwr/volumes/69/wr/mm6944e3. htm#suggestedcitation

Mohammadi S, Abouzaripour M, Hesam Shariati N, Hes-
am Shariati MB. Ovarian vein thrombosis after coronavirus
disease (COVID-19) infection in a pregnant woman: case
report. ] Thromb Thrombolysis [Internet]. 2020 [cited 2020
Jul 17];50(3):604-7. Available from: https://doi.org/10.1007/
$11239-020-02177-6

Martinelli I, Ferrazzi E, Ciavarella A, Erra R, Iurlaro E,
Ossola M, ez al. Pulmonary embolism in a young pregnant
woman with COVID-19. Thromb Res [Internet]. 2020 April
[cited 2020 Jul 17];191:36-7. Available from: https://doi.
org/10.1016/j.thromres.2020.04.022

Ahmed I, Azhar A, Eltaweel N, Tan BK. First COVID-19
maternal mortality in the UK associated with thrombot-
ic complications. Br ] Haematol. 2020;190(1):¢37-8. DOI:
10.1111/bjh.16849. Epub 2020 Jun 8.

Rotshenker-Olshinka K, Volodarsky-Perel A, Steiner N,
Rubenfeld E, Dahan M. COVID-19 pandemic effect on ear-
ly pregnancy: are miscarriage rates altered in asymptomatic
women? Arch Gynecol Obstet [Internet]. 2020 [cited 2020
Jul 17];(0123456789). Available from: http://www.ncbi.nlm.
nih.gov/pubmed/33169234

D’Souza R, Malhamé I, Teshler L, Acharya G, Hunt BJ, Mc-
Lintock C. A critical review of the pathophysiology of throm-
botic complications and clinical practice recommendations for
thromboprophylaxis in pregnant patients with COVID-19.
Acta Obstet Gynecol Scand. 2020;99(9):1110-20. Available
from: https://doi.org/10.1111/a0gs.13962

Behrens E, Warrior S, Thomas J, Pombar X, Gezer S, Venu-
gopal P, e# al. Thrombosis and mortality in pregnant patients
with COVID-19. Blood. 2020;136:8-9. DOI: https://doi.
0rg/10.1186/512884-021-03568-0

Allotey ], Stallings E, Bonet M, Yap M, Chatterjee S, Kew T,
et al. Clinical manifestations, risk factors, and maternal and

Acta Clin Croat, Vol. 61, No. 4, 2022

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

perinatal outcomes of coronavirus disease 2019 in pregnancy:
living systematic review and meta-analysis. BMJ. 2020;370.
DOI: https://doi.org/10.1136/bmj.m3320

Laopaiboon M, Lumbiganon P, Intarut N, Mori R, Ganchi-
meg T, Vogel JP, ez al.,, WHO Multicountry Survey on Ma-
ternal Newborn Health Research Network. Advanced mater-
nal age and pregnancy outcomes: a multicountry assessment.
BJOG Int ] Obstet Gynaecol. 2014;121:49-56.

Potkonjak AM, Djakovi¢ I, Sabolovi¢ Rudman S, Poljak L,
Kosec V. Risk assessment in pregnancy among women aged
over forty. Acta Clin Croat. 2021;60:290-5. DOI: 10.20471/
acc.2021.60.02.16

Lindheimer MD, Taler SJ, Cunningham FG. Hypertension in
pregnancy. ] Am Soc Hypertens. 2008;2:484-94.

Avramovska M, Karanfilski B, Dimitrov G, Dzikova E, Mar-
kova AD, Lega MH, ¢# al. Isolated maternal hypothyroxinemia
and its perinatal outcome in North Macedonia. Acta Clin
Croat. 2021;60:246-53. DOI: 10.20471/acc.2021.60.02.10.

Takemoto MLS, Menezes MO, Andreucci CB, Kno-
bel R, Sousa LAR, Katz L, ef al. Maternal mortality and
COVID-19. J Matern Neonatal Med. 2020;1-7. DOI:
10.1080/14767058.2020.1786056

Elshafeey F, Magdi R, Hindi N, Elshebiny M, Farrag N,
Mahdy S, ez al. A systematic scoping review of COVID-19
during pregnancy and childbirth. Int ] Gynecol Obstet.
2020;(May):47-52. DOI: 10.1002/ijgo.13182

Di Toro F, Gjoka M, Di Lorenzo G, De Seta F, Maso G,
Risso FM, ez a/l. Impact of COVID-19 on maternal and neo-
natal outcomes: a systematic review and meta-analysis. Clin
Microbiol Infect [Internet]. 2020 [cited 2020 Nov 20];(xxxx).
Available from: https://doi.org/10.1016/j.cmi.2020.10.007

Izcovich A, Ragusa MA, Tortosa F, Marzio MAL, Agno-
letti C, Bengolea A, ef al. Prognostic factors for severity and
mortality in patients infected with COVID-19: a systematic
review. PLoS One. 2020;15(11 Nov):1-30. DOI: 10.1371/
journal.pone.0241955. eCollection 2020.

Freiesleben N, Egerup P, Vauvert Rommelmayer Hviid K,
Rosenbek Severinsen E, Kolte AM, Westergaard D, ez al.
SARS-CoV-2 in first trimester pregnancy: a cohort study.
Hum Reprod [Internet]. 2020 [cited 2020 Nov 20]. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/33145598

Lima ARO, Cardoso CC, Bentim PRB, Voloch CM, Rossi
AD, da Costa RMMS, e# al. Maternal SARS-CoV-2 infec-
tion associated to systemic inflammatory response and peri-
cardial effusion in the newborn: a case-report. ] Pediatr Infect
Dis Soc [Internet]. 2020;1-10. Available from: https://doi.
org/10.1093/jpids/piaal33

Khalil A, Kalafat E, Benlioglu C, Brien PO, Morris E, Dray-
cott T, ez al. SARS-CoV-2 infection in pregnancy: a system-
atic review and meta-analysis of clinical features and preg-
nancy outcomes. EClinicalMedicine [Internet]. 2019 Dec
[cited 2020 Nov 20];000:100446. Available from: https://doi.
org/10.1016/j.eclinm.2020.100446

Liu R, Han H, Liu F, Lv Z, Wu K, Liu Y, ez a/. Positive rate
of RT-PCR detection of SARS-CoV-2 infection in 4880
cases from one hospital in Wuhan, China, from Jan to Feb
2020. Clin Chim Acta. 2020;505:172-5. DOI: 10.1016/j.
cca.2020.03.009

689



A. M. Potkonjak e al.

Perinatal aspects of SARS-CoV-2 infection during pregnancy

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

690

Caparros-Gonzalez RA, Pérez-Morente MA, Hueso-Mon-
toro C, Alvarez-Serrano MA, de la Torre-Luque A. Con-
genital, intrapartum and postnatal maternal-fetal-neona-
tal SARS-CoV-2 infections: a narrative review. Nutrients.
2020;12(11):1-15. DOI: 10.3390/nu12113570

Vivanti A, Prevot S, Zupan V. Transplacental transmission
of SARS-CoV-2 infection. Nat Commun. 2020;11:3572.
https://doi.org/10.1038/s41467-020-17436-6

Dong L, Tian J, He S, Zhu C, Wang J, Liu C, ez al. Possi-
ble vertical transmission of SARS-CoV-2 from an infected
mother to her newborn. JAMA. 2020;323:1846-8. DOI:
10.1001/jama.2020.4621

Kimberlin DW, Stagno S. Can SARS-CoV-2 infection be
acquired in utero? More definitive evidence is needed. JAMA.
2020;323:1788-9. DOI: 10.1001/jama.2020.4868

Arora N, Sadovsky Y, Dermody TS, Coyne CB. Microbial
vertical transmission during human pregnancy. Cell Host Mi-

crobe. 2017;21:561-97. DOI: 10.1016/j.chom.2017.04.007
Pringle KG, Tadros MA, Callister RJ, Lumbers ER. The ex-

pression and localization of the human placental prorenin/
renin-angiotensin system throughout pregnancy: roles in
trophoblast invasion and angiogenesis? Placenta [Inter-
net]. 2011;32(12):956-62. Available from: http://dx.doi.
org/10.1016/j.placenta.2011.09.020

Li M, Chen L, Zhang J, Xiong C, Li X. The SARS-CoV-2
receptor ACE2 expression of maternal-fetal interface and
fetal organs by single-cell transcriptome study. PLoS One
[Internet]. 2020;15(4):1-12. Available from: http://dx.doi.
org/10.1371/journal.pone.0230295

Vardhelli V, Pandita A, Pillai A, Badatya SK. Perinatal
COVID-19: review of current evidence and practical ap-
proach towards prevention and management. Eur ] Pediatr
[Internet]. 2020; Available from: http://www.ncbi.nlm.nih.
gov/pubmed/33184730

Facchetti F, Bugatti M, Drera E, Tripodo C, Sartori E, Can-
cila V, e al. SARS-CoV2 vertical transmission with adverse
effects on the newborn revealed through integrated immu-
nohistochemical, electron microscopy and molecular analy-
ses of placenta. EBioMedicine[Internet]. 2020;59:102951.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7430280/

Schwartz DA, Thomas KM. Characterizing COVID-19 ma-
ternal-fetal transmission and placental infection using com-
prehensive molecular pathology. EBioMedicine [Internet].
2020;60:102983. Available from: https://doi.org/10.1016/j.
ebiom.2020.102983

Zhang L, Jiang Y, Wei M, Cheng BH, Zhou XC, Li ], ez
al. Analysis of the pregnancy outcomes in pregnant wom-
en with COVID-19 in Hubei Province. Zhonghua Fu
Chan Ke Za Zhi. 2020 Mar 25;55:166-71. DOI: 10.3760/
cma.j.cn112141-20200218-00111

Fan C, Lei D, Fang C, Li C, Wang M, Liu Y, e# a/. Perinatal
transmission of COVID-19 associated SARS-CoV-2: should
we worry? Clin Infect Dis. 2020;72:862-4. DOI: 10.1093/cid/
ciaa226

Zeng L, Xia S, Yuan W, Yan K, Xiao F, Shao J, ez a/. Neonatal
early-onset infection with SARS-CoV-2 in 33 neonates born
to mothers with COVID-19 in Wuhan, China. JAMA Pediatr.
2020;23(77):2-4. DOI: 10.1001/jamapediatrics.2020.0878

59.

60.

61.

62.

63.

64.

Raschetti R, Vivanti AJ, Vauloup-Fellous C, Loi B, Benachi
A, De Luca D. Synthesis and systematic review of reported
neonatal SARS-CoV-2 infections. Nat Commun [Inter-
net]. 2020;11(1). Available from: http://dx.doi.org/10.1038/
$41467-020-18982-9

Schmulson M, Dévalos MF, Berumen J. Beware: gastroin-
testinal symptoms can be a manifestation of COVID-19.
Rev Gastroenterol México [Internet]. 2020; Available from:
https://doi.org/10.1016/j.rgmxen.2020.04.001

Bianco A, Buckley AB, Overbey J, Smilen S, Wagner B, Din-
glas C, ez al. Testing of patients and support persons for coro-
navirus disease 2019 (COVID-19) infection before scheduled
deliveries. Obstet Gynecol. 2020;136:283-7. DOI: 10.1097/
AOG.0000000000003985

Kirtsman M, Diambomba Y, Poutanen SM, Malinows-
ki AK, Vlachodimitropoulou E, Parks W, e a/. Probable
congenital SARS-CoV-2 infection in a neonate born to a
woman with active SARS-CoV-2 infection. Can Med As-
soc J. 2020;192:E647-E650. DOI: https://doi.org/10.1503/
cmaj.200821

WuY, Liu C, Dong L, Zhang C, Chen Y, Liu J, ez al. Coro-
navirus disease 2019 among pregnant Chinese women: case
series data on the safety of vaginal birth and breastfeeding.
BJOG An Int J Obstet Gynaecol. 2020;1-7. https://doi.
0rg/10.1111/1471-0528.16276

who.int [Internet]. Geneva: World Health Organization.
Breastfeeding and COVID-19. 2020 (cited 2020 June 23).
Available from: https://www.who.int/news-room/commen-
taries/detail/breastfeeding-and-covid-19

Acta Clin Croat, Vol. 61, No. 4, 2022



A. M. Potkonjak e al. Perinatal aspects of SARS-CoV-2 infection during pregnancy

Sazetak

PERINATALNE ZNACAJKE INFEKCIJE VIRUSOM SARS-CoV-2 U TRUDNOCI: MOGUC RAZLOG ZA
ZABRINUTOST

A. M. Potkonjak, V. Gall, D. Milosevic, V. Kosec i B. Filipovic-Greic

Od pocetka pandemije COVID-19 do danas tijek bolesti medu razli¢itim subpopulacijama ljudi nije do kraja poznat.
Diljem svijeta potvrdeno je vise od 209.870.000 oboljelih, ali i vise od 4.400.000 smrtnih slu¢ajeva. Nalazimo se u vremenu
globalne krize, suofeni s njezinim posljedicama na zdravlje ljudi, ekonomiju i drustvo. Protekle godine su brojne genske
mutacije koje dovode do strukturnih promjena proteina SARS-CoV-2 dovele do pojave novih sojeva virusa s veCom trans-
misijom. Bez obzira na uvodenje cijepljenja ucinak SARS-CoV-2 na ishod trudnoce i prijenos virusa s majke na dijete i
dalje su vazan predmet interesa. Zasad je poznato da je novorodencad s COVID-19 najéesce asimptomatska ili s blagom
klinickom slikom, a utjecaj infekcije na ranu trudnocu bit ée tek vidljiv. Iako je RNK SARS-CoV-2 potvrdena u uzorcima
plodove vode, postelji¢nog tkiva, krvi pupkovine i u maj¢inu mlijeku potrebna su dodatna istrazivanja koja ¢e potvrditi njez-
inu povezanost s transplacentnim prijenosom.

Klju¢ne rije¢i: SARS-CoV-2; COVID-19; Trudnoca; Vertikalni prijenos; Novorodencad
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